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This invention 'relates -to n:.iprov.éd ' rcti- 
fier assembly of thè dry" disc type"ueful- in the 
electric resistance'weldifi art,. forxample; and 
more particularly tO àn improved electric trans- 
lating means of thevoltage redfleing"and recti- 
fier type for furnishing a hea  uniirectl0nal 
cuent atlow voltage from à comercial: alter- 
natin cuent s0uce. e desirablity 0f the 
use of this genèal sstem for fufiihg e lOad 
cnt in resistance elding opeatibn ' nd 0rb- 
er uses has heretbf6re en 'dëmofistrated and 
the scope of the present invention is cc6ngly 
more concerned With the mëhkniaYrrange- 
ment for interpoSing the reCtifier termdiate 
the alternàting cuënt s0urbe=ànd the.10àd. 
An object of the inVeniSn ïs the' provision In 
an electricresistance Wëlding machine 0f the 
rectified cunt tpe 0fa sllfiëd butyet 
more economical rrknement for Cbnficing the 
welding current fomthe ofiPút tëinls of 
the welding tránsfomër 6r trformérS hroUgh 
the rectifiers and into the cuent cbndfictive 
supports for the weldifig elct6desnd in this 
regard itis a fuïthèr 0bject Off the ifiçenfion to 
provide an ïmpr6Ved asemb]y Of a traflsfömer 
and  recréer,  Useful 'in ésistne.Wëlding, 
which is more c0mpactïn"naure  faCiliate 
itaIlation in mahïfies,"nd'whïch is 6sSssed 
of greàtér mhanicalsrngthfid rïgïdïty than 
combined appatushërëI0e poP0Sed f6rthe 
se- purpose. 
Another object of the fnVention is thepr6sion 
of an improved aëbly6omprisfng a 0wer 
tïansformer of the wdng Ype and  a d  type 
of rectifier conneted With fhe sèc0nda ruons 
thereof which is of impr0Ved elëtïi6al char- 
acteristics, particully as regard. lowr in- 
ductive reacance äfid a Ï6wèrI2 Ioss'ïn the 
conduction 0f the Cfifent from the teinal 
pa of the secondry turns 0f te't#'nsf6mer 
through the rëctifièr' o the eldg  electodes. 
The lowering 0f e 6çeäil impedaAce "is ad- 
vantageous, of Course, fi6m the. stahdoit of 
eciency of operation 5ut.ofëqual 0r grëafer 
benefit is the subsfantïálrèddction bf" inductive 
reactance in the 10ad clCUit'onnecd ith 
the secondaïy tns ofhe CoengtansiÜer 
or transfomers. The pOC:faCrf n)tesys - 
rem is materially lmproved  and in stallatons 
utiHzing a multi-phase pëwer :source -th qoád  
more eqUally balancëd btween the rëtive 
phases. rther,all orbese facrs :contribUte to 
precision of control, the-dapàbity of wch is 
one of the more.advangeous facrs*oFthedi - 
rëct current resisnce welder. 
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. :Yet nther obJect of the invention is the 
: provision i n  rectifier ` assembly of the dry disc 
 typeof' an'ïmproved arrangement-f0r ganging 
and"mouning the-iry .tyPe of rectifiers em- 
ploed md!of improve d means for Cooling the 
 rectifier bank. Heretoore such rectifiers bave 
' bëen. ço0!ed/by :cpnéction .streáms 0î air ïorced 
' througlz theinterstices .O f .thç r.e.ctifier bank and 
'under this-merhod thecurrent transmission 
10 clgrace'istic of: the.bk::may Vary quite Widely. 
The'present  inventionprovides a practical 
' rangement.,.for )-artairfing the. rectifier ele- 
 "ments" at a fairly-niformtemperature and this 
is"acC0rhplished :5y  c00iing %he rectifieÆ- bank 
15 piniplly.by conduction  of: the. heat generated 
to 'fi0wing Streams of water ratherthan by con- 
.. ,«ëtio.n.,as=hèçtfOre." 
-A 'still urther=_oJect--o ïthe invention is the 
provision of 'an-limprovcd: dryflisc type of recti- 
,0 fier assembly having"partiClar applicability, in 
:the resistgnce, welding Tield, vhich.is highly ver- 
satile in ifs application ]ntha if is in the nature 
of g small Compact unitary-assembly which may 
beeuployed either singly or inmultiple-for 
,5 tse ]nweldini' ëquipmént of different capacities. 
ehus, for smaH mhine$.onlya sing!e phase of 
the Commercial Soilrce maY be employed, in in- 
. termedia'te machines Only a  sïngle. ásenibly may 
be èmployed in éach of the hree phaSesof the 
30 Source, while in 'large mchines .two or more of 
 the standardized  aSsemblies," may be employed 
in eách of the respective Phases. 
The above-and other 0bjects and dvantages 
of the invention will beC0me apparent upon con- 
5 Sideration of the f0110wilig detailed specification 
and the accompanying dwing wherein there 
is disclosd a preferred  emb0diment of the inven- 
tion. 
' Figure 1 is a. plan'view Of an assemb!ed elec- 
40 ti'ic resîstanCe welding Unit constructed in 
c0rdan8e with the prinïples-of my inVention 
and comiriing a transformer, a rectifier of the 
stacked dry.:dictypeanda connected pair of 
.wedi.ng eçctrodes. Figur e 1 also indicate s in 
4 dotted outline, how two other assemblies of a 
tnsf0i»mëç and aeciifiëç may be. coupl,d to 
the fl!ectr, odes for three-phase actuation; and 
Figure 2 is a .side view of the assembly shown 
in full lines in Figure 1. 
50 Peferring.to th e drawng indetail, th refer- 
ence mtmeral . design.tes genera!ly the "iron" 
or core of a traisforer Of the welding type h.v- 
ing ]ow-voltage 'high-amperage output charac- 
teristics and this transformer may be of nore 
 or less conventional construction. As sch, if 
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may be provided with four primary winding cofls 
 for variably connecting to one of the phases 
of the power source to determini the output volt- 
age of the transformer. Sandwichid between the 
cofls   are the secondary turns  2 which, in ac- 
cordance with usual construction, are of cast 
construction, befl]g cast in multiple and integral 
with the terminal pads 3 and 4. The outer 
peripheral edges of the terminal pads 3 and fS 
are grooved to receivi thi cooling water conduct- 
ing tubes 5 which ari madi of material having 
good heat conducting properties such as copper, 
for example. Tubes 5 are held in position by 
brazing as will be understood. 
The rectifier fllustrated is of the full wave type 
and it is assembled on the pads 6 and 1 which 
are adapted to overlie the transformer secondary 
pads 3 and !4 respectively, in fiat abutting re- 
lation, and to be rigidly secured to the pads 3 
and 4 by suitable means, not shown, ihe rec- 
tifier comprises essentially a multiplicity of stacks 
of metallic discs ]8 which are securely clamped 
between a plurality of spaced parallel current 
conductive plates or fins and in practice the rec- 
tifier elements 8 may be comprised of copper 
discs each having a layer of cuprous oxide on one 
of its faces and, of course, all the discs in each 
elimint 8 are oriented to face in the saine di- 
rection so that current will readily pass in one 
dh'ection while being impeded in the opposite 
direction. The supporting and connecting fins 
must be not only good current conductors but in 
accordanci with this invention should be equally 
eciint heat conductors and in addition should 
possess good physical strength. These require- 
ments are satisfied by hard drawn sheet copper 
having a thickness of .125 inch where the height 
of the fin is approximately eight inches and ifs 
length twelve inches. Each of the fins, desig- 
nated herein by reference numeral 9, is formed 
with a laterally extending foot 29 for electrical 
and physical connection fo either of the two pads 
8 and I or fo either of each of the direct cur- 
rent bus bars 2 and 22 positioned opposite the 
pads 6 and I. Thus to provide a uni-direc- 
tional path between the pad  and the bar 2 
one each of three spaced pah's of adjacent fins 
is connected fo the pad 6 whfle the other fin of 
each pair is connected fo the bar 2. Clamped 
intermediate the fins of each of these pairs are 
twelve of the rectilying disc elements  and in 
this manner the rectifying assembly shown sche- 
matically at 2 in Figure 3 may be attained. By 
similar analysis it can be observed that a second 
uni-directional path is ruade possible between the 
pad 6 and the bar 22 while two oppositely dis- 
posed uni-directional paths are provided be- 
tween the pad I and the bars 2 and 22. The 
discs 8 and the fins  are tightly clamped to- 
gether into a compact unit by the bo!ts 4 which, 
of coin'se, are suitably insulated with respect fo 
the various discs and fins. The laterally extend- 
ing feet 0 of the fins 9 are adapted to be rig- 
idiy but detachably connected to the pads 18, I 
and to the bars 2 and 22 by any suitable means 
such as cap screws, not shown, and in practice 
the rectifier bank is assembled with the outer 
faces of the feet 20 atone end of the unit lying 
accurately in a common plane while the outer 
faces of the feet 26 at the other end of the unit 
lie accurately in a spaced parallel plane. Fu-- 
ther, such faces are preferably sflver plated so 
that high ecient electric and heat conductive 
interconnections are eiïected between the fins 
and the pads and bars. Now if the pads I$ and 
 1 are of uniform thickness and if the outer faces 
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of the transformer secondary terminal pads - 
and 4 are faced to lie accurately in a common 
plane it will be obvions that the highly efficient 
electrical connections will be made between the 
5 transformer secondaries and the rectifier assem- 
bly. The saine is also true as regards the rec- 
tifier assembly and the bus bars 2 and 22, as- 
suming that the mounted bases of the bars are 
smoothly surfaced. 
10 Extending about the periphery of the mount- 
ing pad 6 and in intimate contact therewith is 
a tube 6 for conducting cooling liquid and a 
similar tube 28 is similarly positioned on the pe- 
riphery of the pad I. A simflar tube 21 extends 
]5 along the upper edge of the bar 2 and a similar 
tube 23 extends along the lower edge of the bar 
22. The tubes 5--2 are preferably constructed 
oî copper for good heat conductivity and fo in- 
crease the conduction of heat as well as fo pro- 
ri0 vide rigid mounting for the tubes the edges of the 
pads 6, I and of the bars 2, 22 may be grooved 
fo receive a portion of the tubes and the tubes 
may be brazed in position in these grooves as is 
well understood in the welding machine art. 
25 In the practical use of the invention a suitably 
supported and normally fixed electrode 29 is ar- 
ranged fo be electrically connected to the current 
conductive bar 22 by means of suitable low im- 
pedance connectors and a movable electrode - 
39 is arranged fo be electrically connected with the 
bar 29 through a flexible current conductive 
hand 3 l. 
For small machines but a single phase of the 
power source will be utilized and in this case the 
35 bars 2 and 22 wfll be quite short--being of a 
lenth merely to cover all the lugs 2 of the fins 
9 of the rectifier pack. For three-phase opera- 
tion of larger machines three of the transform- 
ers and rectifier assemblies wfll be utilized in the 
4O manner suggested by the full and dotted lines 
of Figure 1 and in this case the direct current 
conducting bars 2 and 22 wfll have a longer 
length sucient to cover all the lugs 2 of each 
of the three rectifier packs. 
Since the current conductive plates or fins 9 
45 of the rectifier pack are closely coupled with the 
secondary turns of the transformer 19--12 and 
are in effect mounted directly on the terminal 
pads of the secondary turns the secondary or load 
circuit of the transformer will have a minimum 
50 of inductive impedance and consequently the 
system will have a high current rating. In prior 
rectiiying systems heretofore proposed for resist- 
ance welding purposes quite long and looped con- 
ductors have been employed for connecting the 
55 transformer secondary with the inpùt terminals 
of the rectifier, resulting in substantial inductive 
reactance in the power circuit. It should also be 
observed that the substantial areas of contact 
between the plates 6, 1 and the pads -, g 
60 and between the feet 29 of the fins 9 and the 
plate 6, 1, 2 and 22 together with the close- 
ness of the couplings and the short longitudinal 
dimensions of the fins  9 results in current paths 
of extremely low resistance which further favors 
65 the fiow of the welding current and the overall 
efliciency of the system. In addition to these con- 
siderations of desirable electrical characteristics 
the disclosid arrangement of the components of 
the system is highly advantageous from a me- 
ï0 
chanical standpoint in reducing the quantitiei of 
copper and other materials required in providing 
a combined unit which may readily be incorpo- 
rated in a welding machine housing of practical 
75 dimensions, and in providing a pre-assembled 



standardized power un for powering- dirçct cur- 
rent welders of widèly varying capacities from a 
commercial alterrating current source. 
In the practice of the inventinhe recthïer 
pack or packs will preferablY be so positioned 
that the fins  9 wïll lie in vertical planes fo facfli- 
tare the circulation of air upwardly through the 
interstices between the fins 9 and discs 8 and 
this upward convection current will normally be 
suflïcient fo cool the center part of the pack or 
packs. I-Iowever, in accordance with this inven- 
tion prin.cipal reliance is placed on the water 
cooling tubes to conduct the excess heat away 
from the rectifiers. Since the fins  are short 
in length, of appreciable mass, are formed of 
material having good heat conductlng qualifies, 
and are intimately bonded to the copper plates 
6, 7 and bars 2 and 2 heat will be more efiï- 
ciently transmitted from any part of the rectifier 
pack to the plates and bars mentioned and by 
cooling each of these plates and bars in the 
manner above explained the excess heat will be 
readily carried away. Further, by controlling 
the volume of the cooling fiuid passed through 
the tubes 25-- or by regulating ifs tempera- 
ture the temperature fise of the rectifier elec- 
trodes may be kept between predetermined limits 
for uniformity of operation of the welding ma- 
chine. 
The above specifically described embodiment of 
the invention should be considered as illustra- 
tire only as obviously many changes may be 
ruade therein without departing from the spirit or 
scope of the invention. For example, instead 
of forming the right-angularly disposed feet on 
the fins 8 and  for connection to the bus bars 
, 2 and the copper plates 6, 7 these parts 
and bars may be formed with slotted extensions 
into which straight fins are fitted for mechanical 
and electrical connection. Also the transformer 
pads (3 and 4) themselves may receive the 
rectifier fins directly either in slots as mentioned 
or on a fiat surface as shown and if should there- 
fore be understood that the prime consideration 
of the invention is the close and adequate cou- 
pling of the rectifier banks on the welding trans- 
formers. Fiat connections between straight rec- 
tifier fins and the bus bars and transformer 
pads may also be effected without the use of 
slots. 
An important feature of the invention is the 
fact that the rectifier is water-cooled ai both 
ends and air-cooled at ifs middle portion where- 
by the rectifier may be operated under heavy 
load for long periods vithout deterioration. 
If should be obvious that the power packs de- 
scribed herein, each comprised of a single phase 
welding transformer and a single phase full-wave 
rectifier may be connected to the power supply, 
to each other, and to the welding electrodes in a 
large number of specific arrangements, depend- 
ing on requirements as to capacity, current fluc- 
tuation, etc. Thus, I may employ a delta con- 
nection between the power supply and the trans- 
former primaries and in some applications where 
a high average DC current is desired I may 
ploy in the saine machine one bank of packs con- 
nected in delta and another bank of packs con- 
nected in Y to give a resultant DC output hav- 
ing twelve phase characteristics, ThiS highly 
persistant current fiow is desirable in certain re- 
sistance welding applications, Another possible 
modification is the closing of the secondary cir- 
cuits of the welding transformer in delta by means 
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of low impedance strap conductors to produce 
three-phase full-wave rectification. 
While the direct current power supply of the 
invention comprised of a transformer, a rectifier 
5 pack, and cooling means therefor is of special 
utility in electric resistance welding machines and 
bas been so described above it should be noted 
that the assembly is equally applicable to other 
specific nses requiring heavy direct currents of 
10 low voltage such as in electroplating equipment, 
for example. 
Reference should be had to the appended 
claires in determining the scope of the inven- 
tion. 
15 I claire: 
1. A rectifier assembly comprising a plurality 
of longitudinally disposed spaced, parallel cur- 
rent-conducting fins lying in vertical planes and 
connected at one of their ends to a pair of current- 
20 conductive plates spaced one above the other 
and lying in a common vertical plane and dis- 
posed transversely with respect to the vertical 
planes of said fins, a plurality of dry disc rectifier 
elements clamped between said fins, said plates 
25 being adapted to be detachably secured to the 
secondary terminal pads of a welding trans- 
former, the opposite end portions of said fins be- 
ing bent transversely to provide integral connect- 
ing lugs lying in a common plane for connection 
30 to a pair of transversely disposed and vertically 
spaced current-conducting bus bars. 
2. In electric resistance welding apparatus the 
combination of a welding transformer having 
water-cooled secondary terminal pads, water- 
35 cooled bus bars spaced outwardly from said pads, 
and a rectifier assembly interposed between said 
pads and bars and comprising a plurality of 
spaced current-conducting fins connected with 
said pads and bars, dry disc rectifier elements 
40 clamped between said fins, the arrangement be- 
ing such that said assembly is cooled by the fiow 
of aiï between said fins and by the conduction 
of heat along said fins to both said pads and bars. 
3. Apparatus according to claire 6 further 
45 characterized in that said assembly comprises a 
pair of current-conducting plates secured to one 
end of said fins, said plates overlying said pads 
in intimate contact therewith, and means to cool 
said plates by a fiowing stream of cooling fluid. 
50 4. In electric resistance welding apparatus the 
combination of a transformer having a U-shaped 
secondary winding with each end of said wind- 
ing having an outwardly facing terminal pad, a 
pair of current-conducting plates disposed sub- 
55 stantially parallel to the outer faces of said pads 
and spaced outwardly therefrom, a plurality of 
spaced paï'allel current-conducting plates inter- 
connecting said pads and said first mentioned 
plates in both heat exchanging and current-con- 
60 ducting relation therewith, a plurality of dry disc 
rectifier elements clamped between said second 
mentioned plates, each of said second mentioned 
plates being rigidly connected at one end to one 
of said pads in fiat overlying relation therewith. 
6 5. Apparatus according to claire 4 ftu-ther 
characterized in that the other ends of said sec- 
ond mentioned plates are rigidly connected to 
said first mentioned plates in fiat overlying rela- 
tion therewith. 
70 6. Apparatus according to claire 4 further 
characterized in that said second mentioned 
plates lie in vertical planes whereby said rectifier 
assembly may be cooled by an upward fiow of air 
through the interstices existent in said second 
7 mentioned plates and said elements. 



7. Apparatus according to claim 4 further 
including liquid conducting tubes extending along 
the outer peripheral edges of said first mentioned 
plates for conducting cooling liquid, sa.id tubes 
being constructed of material having good heat 
conducting properties and being mounted in in- 
timate contact with the material of said first 
mentioned plates substantially throughout the 
length of said tubes. 
8. A rectifier assembly of the dry disc type 
cornprising a plurality of spaced paralle] current- 
conducting plates, a plurality of dry disc rectifier 
elements clamped between said plates, a pair of 
current-input pads rigidly connected to one end 
of said plates and having fiat overlying relation 
with substantial surface a.reas of the plates, a 
pair of current-output bars rigidly connected to 
the opposite ends of said plates and having fiat 
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over]ying relation wiçh substantial surface areas 
of the plates, and means fo conduct cooling fluid 
in heat exchanging relation to said pads and 
bars whereby heat generated by said elements 
will be extracted through said plates and con- 
nections into said pads and bars. 
ROBERT H. BLAIR. 
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